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Integral Compressor / Generator / Fan Unitary Structure.
Dr. Nelik DREIMAN

Consultant, P.O.Box 144, Tipton, MI 49287 USA
E-mail: ndreiman@frontier.com
ABSTRACT
A compact, space saving single structure of short axial length have been developed by radial integration of a
revolving piston rotary compressor, a motor-generator and a fan, to replace a plurality of separate units
(compressors, generators, fans, etc.) employed, as usual, in contemporary air conditioning and refrigeration systems.
A dual drive mechanism of the structure permits to operate it in generating mode when a motive power supplied by
an external mechanical force or to utilize an electric motor mode to run all integrating entity when an electric power
is available. A suction gas delivery scheme excludes a direct distribution of a refrigerant to the suction chamber,
includes double-stage liquid-gas separation to prevent slugging, provides cooling of the motor–generator, following
by supercharge of the refrigerant into the suction chamber. An additional liquid-gas separation is performed on a
discharge side of the structure before expelling of the gas. The structure can be employed in a single standby
condenser/generator units in residential, commercial, health facilities air conditioning systems to replace separately
mounted condensers and standby generators or can be used as a space and cost saving alternative in RV, transport
refrigeration units and, with some modification, in vehicle air conditioning systems.

1. INTRODUCTION
Since the dawn of air conditioning and refrigeration engineering, compressor and generator have generally been two
separately spaced individual electric machines which are especially adapted to their particular functions in
residences, retail facilities, commercial and public buildings, vehicles, transport refrigeration, etc..
In remote air conditioning systems, the refrigeration equipment (outdoor air-cooled condensing units equipped with
a compressor driven by an electric motor, a cooling fan, etc.) is located away from the space to be conditioning and
mounted at ground level, on the roof, on the outside wall. A portable generator or an independently installed
standby, driven mechanically by an engine generator is used to provide backup power during line power outages.
In vehicles systems, a compressor and a generator (alternator) are belt-driven from the prime engine c’shaft.
Generators and air conditioning compressors used in hybrid electric vehicles are also segregate entities and can be
driven as by an auxiliary engine so by an electric motor. When the prime electric motor is stopped, including traffic
light stops, an auxiliary electric motor powered by the battery drives the air conditioning compressor.
Transport refrigeration systems have employed belt driven, mechanically linked shaft driven or electric motor
driven compressor and airflow fans. Alternatively, various types of on-board generators driven by auxiliary engine
have provided the power required by individual entities of the refrigeration system. Typically, the size of the
equipment used in truck trailer refrigeration units is restricted to the limited space bounded by the tractor swing
radius and the trailer front wall. Use of a tandem mounted auxiliary engine and generator or (and) utilization of
compact components such as, for example, a synchronous generator may help in meeting required space limitation.
These arrangements, however, will not change the number of separate entities each of which requires individual
mounting space and have to be assembled with the predetermined distances there between.
The present paper contemplates one compact, single unit (the structure) formed by integration of a modified rolling
piston rotary compressor, Dreiman (2014), a generator and an airflow fan components mounted on a stationary
crankshaft of the compressor.
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2. KINEMATICS OF THE STRUCTURE
2.1 Motion analysis
The construction of the compressor used as a base element of the structure comprises, in combination: a revolving
piston cylinder rotatably mounted on opposed ends of the stationary crankshaft, a rotor block cylinder spaced
eccentrically inside of the revolving piston cylindrical cavity and a vane rigidly fixed axially in the wall of the
revolving piston. The rotor block and the revolving piston of the structure can be considered, consequently, as
internal cylinder (driver) and external cylinder (follower) having rolling contact at point P (see Figure 1) with
transmission of the motion from the driver to the follower through the rigid link L (coupler) and a force developed
at a line of contact. As shown in Figure 1, the line connected piston center OP and point P is considered as the part
R

of rotational link with O P = d, rotor cylinder center O and the piston center O are individually taken as the two
P

R

R

P

immovable points related to the stationary crankshaft of the mechanism with O O = e (fixed link). For plane
R

P

triangle ∇O P O (see Figure 1), as per the Law of Sines and the Law of Cosines
P

R

R

e sinθ = f sinϕ; d = e cosθ + f cosϕ
(1)
Due to the fact that the rotor-cylinder-vane is integral part and rotates as one solid body around z-axis, there is no
reciprocating movement of the vane. The flats of the bushing implanted in the roller slide along the suction and
discharge sides of the vane with change of the rotor-cylinder turning angle θ. The part of the vane L (θ) exposed to
the suction and discharge pressure inside of the working chamber will be
L (θ) = P P = R – d,
(2)
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P

P

where radius of the cylinder R = R + e and radius of rotor R
C
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L (θ ) = e ( 1 - cosθ ) + R
where λ = e / R
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We can use binominal series shown below for the last term of the Eq.3
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(4)
with a = 1, b = – (λsinθ) 2 and n = ½. After expanding the root into a binominal expansion with inclusion of the first
two terms as the series rapidly converges, we obtain
2
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4

L (θ) = e (1 - cosθ + λ /2 sin θ - λ sin θ / 8 + ……)
Thus the length of the exposed part of the vane very approximately (error 0.15%) will be:
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Figure 1. Diagram of rolling piston rotary
compressor mechanism.

Figure 2. Displacement volume of a rolling
piston rotary compressor.
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The bushing mounted in the rotor block slides radially against the vane sides and turns to accommodate the vane
with changing of the rotor block angular position. Differentiating Eq. (6) and denoting dθ / dt = ω we obtain the
sliding speed V between the bushing and the vane with change of the turning angle.
BV

2

V

BV

= e ω (sinθ + λ /2 sin2θ)

(7)

where ω is angular velocity of the rotor block. The bushing turning angle φ (see Figure 2) with change of the vane
1

rotational angle θ will be
ϕ = arcsin [e sinθ /(R – R ) ]
1

where R

B

R

(8)

B

is the radius of the bushing. The values of the bushing turning angle ϕ and exposed to suction and
1

discharge pressures vane length L (θ) with change of the rotational angle θ in the limits 0-2π (single revolution) are
illustrated in Figure.3.

Figure 3. Turning angle of vane bushing and exposed length of the vane with change
of the rotational angle.
The bushing has ±4.5° oscillating motion in the axial cavity per single revolution of the rotor block. The extreme
values of the turning angle have been observed at 90° and 270° of the working cycle. The vane’s maximum exposed
length has been recorded at 180° of the rotor block circular position.

2.2 Piston- swept volume
The swept volume W (θ ) of the working chamber at an arbitrary angle of the vane is
W (θ ) = A (θ ) h ,
(9)
where h is the height of the rotor block and A (θ ) is the area of compression chamber at an arbitrary angle θ of the
vane position as shown in Figure 4.
θ
θ
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2

A(θ ) = π ∫ ( R - d ) dθ = π ∫ [ R (1 + λ) - d ] dθ ,
P
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0

(10)

0

where
2

2

d = R - L (θ ) = R (1+λ cosθ - λ /2 sin θ ),
P

R

(11)

or
2

2

d = R ( 1 + 2λ cosθ + λ cos2θ ),
R
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2

if we neglect the terms containing λ and λ due to the small value and put cos2θ =. cos 2 θ - sin θ. Refer back to Eq.
9 and Figure 4 the compression chamber volume trapped within piston, vane and rotor block at an arbitrary angle θ
2

W(θ ) = π λ h R / 2 [ ( 1 + λ ) θ - 2 sinθ - λ/2 sin2θ ) ] ,

(13)

R

Y

Figure 4. Displacement volume of the revolving
piston compressor
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In this calculation we have neglected the volume occupied by the vane. The compression volume given by Eq. (13)
has to be reduced by the volume of the exposed in the working chamber part of the vane:
2

2

W (θ ) = W (θ ) – h t L (θ ) = W (θ ) - e h t ( 1 - cosθ + λ / 2 sin θ ),

(14)

1

where t is the thickness of the vane.

2.3. Piston-rotor block relative velocity
Motion of internal cylinder (rotor block) is transmitted to the external cylinder (piston) through the driving link L. If
driver link L rotates counterclockwise with constant angular velocity, the follower will revolve in the same direction
at a varying (accelerating and decelerating) speed. The relative velocity between the cylinders is a function of the
driver angle θ, radii of the contact cylinders, centers distance. The linear velocities of the piston v and rotor v are
P

R

shown below:
v = dS / dt = ω dS /dθ = ω R

(15)

θ
v = dS / dt = ω d [ ∫ d dθ ] / dθ = ω d

(16)
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P
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0
where S and S are revolving arcs of the cylinder and roller. The relative velocity of the roller to the cylinder
P

R

Δv = ω (R - d)

(17)

P

Taking derivative we find that
2

2

dv /dt = ω [ ( dd / dθ )(dθ / dt )= ω (dd / dt)= -ω λ R sinθ (1+λ/2 cosθ )
R

R

The extreme values of the roller relative velocity are shown below:
Δv =2ω (R - R )
and
Δv = 0
max

P

R

min

(18)

(19)

Effect of the R / R ratio on the values of the relative velocity between the roller and the cylinder at different vane
P

R

angular positions is illustrated in Figure 5. It is shown that rather smaller ratio give us lower relative velocity
between rotating in one direction roller and cylinder
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Figure 5. Effect of the radii ratio on the relative velocity.

2.4. Drive and power generating system of the structure.
Typically, the compressors, generators, airflow fans which may be employed within an air conditioning or a
refrigerant unit, have to be selectively driven either by an electric motor or alternatively by a mechanical driver. The
electrical motors of each component may be powered by utility line, generator, on-board battery or fuel cells. The
mechanical driver can be a self-contained gasoline, diesel, propane or natural gas engine, but any other suitable
source of mechanical power may be employed. The expression "motor”,” generator" brings to mind two electrical
machines with two separate rotational shafts, two rotors, stators, double numbers of bearings, etc.. Figure 6 is
diagrammatical representation of some possible motor and generator arrangements in the structure.
A

B
ROTOR BLOCK

REVOLVING
PISTON
MOTOR
STATOR

GEN.
STATOR

ROTORS PERMANENT
MAGNETS

GEN.
STATOR

-GEN.

Figure 6. Schematic diagram
of a motor, a generator (A) and
a motor-generator unit (B)
integrated with the compressor
components.

A disadvantage of the structure construction shown in Figure 6A is that an electric motor can be used for running of
the compressor (lane power is available) or for starting of the engine but has no useful function during power
generation process when compressor is driven by an engine, thus motor represents “dead weight”. The structure
assembly shown in Figure 6B (chosen for the structure) employs a single electrical motor-generator (MG) integrated
with components of a revolving piston rotary compressor. The structure comprises a rigidly fixed on the stationary
crankshaft MG stator, and a rotor rigidly fixed inside of the rotor block circumferentially to the stator. MG has
ability to generate electric power from motive power supplied by an external mechanical force or can operate in a
motor mode wherein motive power developed from electrical power supplied to the compressor. Either, the rotor
block or the revolving piston, can be the driven by the motor, but the mechanical driving can be applied only to the
piston due to the stationary crankshaft of the compressor. A power distribution capacity of the structure can be
increased by positioned additional generator stators circumferentially around the piston external wall of which
23rd International Compressor Engineering Conference at Purdue, July 11-14, 2016
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holding a plurality of permanent magnets. The multiple generator sets can be wiring in series or parallel to sum the
power output or selectively distribute the power to individual electrical systems.

2.5 Modes of operation
The structure with combine motor –generator (Figure 6, B) can operate at following modes: motor mode to transfer
motive power to the compressor (line power is available); auxiliary engine starting mode at which the motor
motive power transfers to the engine (motor powered by a battery); power generating mode (compressor will be
driven by an engine, the structure operates as a generator). Referring now to Figure 7, there is illustrated a flow
diagram of the structure’s dual drive mechanism operation for selectively driving a refrigerant compressor by either
an electric motor or alternately by an internal combustion engine.
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Figure 7. A flow diagram of the structure operations

The flow diagram does not include details of electronic units controlling start and running conditions of the
compressor or the engine due to the specific requirements for every entity. An electromagnetically operated unload
mechanism located on a suction side of the structure serves substantially to start up the compressor under no load,
or to switch the compressor to an idling operation during power generation mode where the structure can function
only as a generator or can generate electric power and simultaneously perform compression. The piston and the rotor
23rd International Compressor Engineering Conference at Purdue, July 11-14, 2016
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block couplet by the vane forms high rotational inertia unit supported by bearings located symmetrically on opposite
ends of the stationary crankshaft. Such rotational unit performs as a flywheel and can be used to start the engine
when there is disconnection from the grid. In this case the MG does not start the engine itself, but rather accelerates
the rotational unit (in the beginning decoupled from the engine). Upon reaching a sufficiently high speed, the
rotational unit is coupled to the crankshaft of the engine by means of a frictional coupling. The rotational energy
stored in the rotational unit then turns over the engine. In generator mode, the electric machine is permanently
coupled to the engine by the frictional coupling

3. COMPONENTS OF THE STRUCTURE
An integral compressor / generator / fan unitary structure 1 (see Figure 8) comprises, in combination, the following:
a revolving piston rotary compressor pump 2; an internal suction gas delivery system which excludes a direct
distribution of a refrigerant to the suction chamber; the MG 3 rigidly fixed on a stationary crankshaft 4, Dreiman
(2016). The compressor pump components--a rotor block 5 and an eccentrically fit revolving piston assembly 6 are
unidirectional spinning around the stationary crankshaft 4. The rotor block and the revolving piston assembly have
no radial clearance internal line contact through which the rotor block transfers an angular moment to the revolving
piston assembly. A centrifugal fan impeller wheel 7 has been attached to the flange formed in the wall of the piston.
An electromagnetically controlled clutch mechanism 8 coupled the compressor with an auxiliary engine to start it,
activate energy generation process and simultaneous transfer mechanical motive power to the compressor.
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7
31

17

30

30
29

31
11

11

3

28

28

31

27
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Figure 8. A side sectional view of an integral rolling piston, motor-generator, fan unitary structure
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3.1 Suction System
The suction system of the novel rotary compressor consists of an intake adapter 9 equipped with an
electromagnetically activated a stepless unloader. The unloader serves substantially to start up the compressor under
no load, or to switch the compressor to an idling operation. The suction system further including an input suction
cavity 10, the MG compartment 11, an impeller 12 rigidly fixed to the revolving rotor block, formed in the
crankshaft a suction channel 13 through which refrigerant will be delivered to the MG compartment. The incoming
refrigerant separates from liquid in the input suction cavity 10 (due to gravity) and in the MG compartment 11 (due
to a centrifugal force), compressed (due to action of the impeller), cooling motor-generator 3 and delivers under
higher pressure into the suction chamber.

21

19

23

Figure 9. A partial sectional view of the vanevalve assembly.
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22
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3.2 Vane assembly and discharge system
The vane 14 of the compressor separates suction chamber and compression chamber (see Figure 8) and has an axial
edge 15 rigidly fixed without operating clearance in a an axial slot formed in the piston 6 with opposite axial edge
16 fitted in between sliding segmental bushings mounted in the rotor block. The vane edges 17 are radially rigidly
fitted in between the revolving piston heads without operating clearances. It eliminates frictional losses and also
blocks high-low side leaks. Integration of the vane with the revolving piston excludes frictional and leakage losses
observed in contemporary rotary compressors where a vane and roller slide against facing surfaces of the stationary
cylinder block and stationary heads. There is also no” grinding” interference between vane and roller (roller and
spring are eliminated) and, in addition, nose of the vane (axial edge 16 does not required any special treatment, such
as precision machining, TiN coating, special vane tip seal, etc., recommended and typically used in rotary
compressors. The vane consists of a held together discharge side plate 18 and suction side plate 19 (see Figure 9); a
discharge valve cavity 20; at least one reed type valve 21 clamped to the back of the discharge side plate against
discharge port opening 22. The suction side plate 19 is formed integrally with a valve stop 23 which prevents
excessive movement of the reed valve. A cone-shaped discharge gas expansion cavity 24 is in fluid communication
with the valve cavity 22 through an axial discharge channel 25 formed in the piston wall and a bypass connecting
discharge passage 26.
3.3 Lubrication
The lubrication system (see Figure 8) comprises an oil rotary type pump spaced below the rotor block, plurality of
axial channels and radial passages 28 formed in the stationary c’shaft through which oil flows to the bearings and
delivered to the cone- shaped discharge cavity 24. During operation of the compressor the accumulated in the cavity
24 oil and liquid/gas mixture from the incoming discharge are thrown against the wall of the cone-shaped reservoir
by action of centrifugal force. This causes a boundary layer to be formed between the oil and relatively lighter gas in
axial region of turbulence. The volume of the vapor separated from oil depends upon the angular velocity ω and
will be
= π H /2 (R B2 – Rcs 2)

(20)

where
H = ω2 R B2 /2g

(21)

Here H is the axial depth, RB is the radius of the rotor block, Rcs is the radius of the crankshaft, and g is the
acceleration of gravity. The reservoir has an axial gas outlet 29 formed at the top portion of the stationary crankshaft
for discharge of the vapor and plurality of oil outlets 30 connected to plurality of vertical channels in the wall of the
rotor block through which oil delivered by centrifugal force flows downwardly under gravity into an intake cavity of
the oil pump. The oil thrown outward by centrifugal force forms also an annular seal of liquid at the periphery 31of
the chamber and along the axial edge16 of the vane. Any leakage that may take place past the sides of the vane or
past the periphery 31 of the rotor block facing piston heads will be leakage of the lubricant inward into the crescent23rd International Compressor Engineering Conference at Purdue, July 11-14, 2016
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shaped space, as this oil is under the delivery pressure (discharge + pumping) in addition to the pressure due to
centrifugal force.
4. A STANDBY OUTDOOR CONDENSER-GENERATOR UNIT
A standby outdoor air-cooled condenser - generator unit has been formed by combining the structure with residential
(commercial) outdoor condenser. A natural gas, gasoline, or propane auxiliary engine may be used to drive a motorgenerator of the compressor and to provide backup power during line power outages. The Figure 10 illustrates the
system with the engine placed below the unit which utilizing an impeller wheel of a centrifugal fan.

Figure 10. A schematic vertical cross
section of standby outdoor condensergenerator unit utilizing the
compressor/generator/fan structure

In this arrangement suction input, discharge output, the motor/generator electric power input/output terminals are
spaced above the structure. Disposed around and extending axially along the compressor is a scroll type design
housing for efficient conversion of velocity pressure to static pressure. It is fixed to the frame of the structure and
serves also as a safety screen surrounding a spinning assembly. The engine, compressor, optional generators, cooling
fan, and condenser coils combined with associated hardware and electronic control means are located in a common
weatherproof and noise reduction enclosure. It is possible to reverse the location of the inputs/outputs by position
the engine at the top of the structure. An axial fan propeller or the impeller wheel can be attached to the upper
portion of the piston head and equipped with the electromagnetically controlled clutch to cycling the fan in response
to changes of outdoor ambient temperature.

5. CONCLUSIONS





A single structure has been formed by radial integration of a revolving piston rotary compressor and
electrical motor-generator, fan components.
A dual drive system permits to run the structure in generating mode when a motive power supplied by
an external mechanical force or to utilize an available electric power to operate it. The design of the
structure and the drive system excludes multiple conversions of transferred energy observed for the
plurality of the individual units employed before.
The compressor components with attached impeller wheels are spinning around their center of gravity
–stationary c’shaft with rigidly fixed on it stator. Short length of the c’shaft is due to the radial
integration of the motor –generator and compressor components. Large diameter of the c’shaft makes
23rd International Compressor Engineering Conference at Purdue, July 11-14, 2016
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it possible to accommodate inside electrical power conduits, oil and refrigerant channels. The bearings
supported all rotational parts of the structure are positioned symmetrically on the stationary c’shaft
below and above the fixed stator.
The single structure replaces the plurality of separate entities each of which has been an individual
contributor to the overall noise level and vibrations. Additional reduction of noise and vibration has
been achieved by the symmetrical arrangement of the close-spaced bearings. Such arrangement
combined with the dimensionally parameters mentioned above practically eliminates deflection of the
c’shaft, and improve reliability of the structure.
A suction gas delivery system excludes a direct distribution of a refrigerant to the suction chamber and
includes double-stage liquid-gas separation to prevent slugging, provides cooling of the motorgenerator following by supercharge of the refrigerant into the suction chamber due to action of an
internal impeller. An additional liquid-gas separation is performed on a discharge side of the structure
before expelling of the gas
A power distribution capacity of the structure can be increased by positioned additional generator
stators circumferentially around the piston external wall of which holding a plurality of permanent
magnets. The multiple generator sets can be wiring in series or parallel to sum the power output or
selectively distribute the power to individual electrical systems.
A compact, therefore space saving unitary structure employs single motor-generator to operate
compressor and fan or compressor, fan and generator during electric power outages. Utilization of the
structure in air conditioning and refrigeration systems will reduce cost due to elimination duplicity of
such parts as crankshafts, stators, rotors, bearings, belts, etc..It will simplify wiring procedure and
reduces assembly and service time.
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